INTRODUCTION LITERATURE REVIEW
Splinting in neuro-rehabilitation is typically justified through what therapists have found to work best in order to: (i) normalise tone in order to prevent or correct contractures, (ii) increase function within the affected arm through improving movement whilst protecting the integrity of the joint and (iii) decrease pain 10 . Although there is little research evidence to suggest that splinting in neurorehabilitation achieves these aims, the majority of therapists continue to recommend splints based on their clinical experience and judgement as opposed to the research evidence 11 . Two previous studies focussed on splinting trends for clients with stroke. These studies indicate that the main aims of splinting are to prevent soft tissue contractures 12 as well as improve hygiene and functional needs, maintain muscle length, and prevent deformity and contractures 13 . Occupational therapy is often associated with functional aims 13 . A study done on splinting in neurology in South Africa however, indicated that therapists only suggested splinting if active movement is present in order to promote function 14 . Additionally therapists use splints in order to decrease pain and to maintain the hand or arm in a comfortable position 11 . This was, however refuted by Lannin et al 15 , who found that there was no significant impact on the decrease of pain with the use of splints. A study done with eight stroke participants investigated the effects of different splinting regimes on spasticity reflected no significant difference in tone reduction, but rather noted that splints could increase the tone, being largely influenced by the duration of wear within a South African context in the paediatric neurologically impaired population. A functional resting splint was indicated for hands that have moderate to severe increased tone and severely decreased tone, for the prevention of contractures and for hygienic purposes 16 . The functional resting splint is usually positioned in 30° extension at the wrist, 50° flexion in the metacarpophalangeal joints and progressive 10° -30° degree flexion at the interphalangeal joints 18 . The effectiveness of the functional resting splint in a stroke population was examined by Pizzi et al. 17 . Although there was no control group, the authors found that the use of functional resting splints on forty subjects with a stroke were beneficial, measured by an assessment of spasticity, passive range of motion (PROM), pain, presence of spasms and a subjective report of comfort. There was also a significant difference in passive wrist extension and spasms were found to have decreased 17 . The wrist extension splint has also been used in patients with neurological impairments. It has however been indicated in a study 19 , that patients wearing a neutral wrist splint were more compliant than those wearing a wrist extension splint. No significant impact on function was noted 19 .
Other prominent splints that have been indicated in the scientific literature include the weight-bearing splint, the anti-spasticity splint and the serpentine splint. The weight-bearing splint positions the wrist in approximately 90° extension with appropriate digit extension but is usually used during tasks requiring weight-bearing 16 . The anti-spasticity splint, found to be most effective in a South African study 14 , allows for the extension of the wrist with finger and thumb abduction achieved by finger troughs 9 . The properties thought to contribute to its efficacy included placing the hand in a functional position, improved hygiene and providing prolonged stretch. The serpentine splint 16 wraps around the thumb from just below the distal palmar crease on the hypothenar side, across the dorsum below the metacarpophalangeal joints in order to wrap around the thenar eminence through the web space. It is designed to minimise adduction contractures of the thumb, but as there is wrist movement, it serves to assist in stabilisation of the thumb during activities 20 . A randomised-controlled trial used three splinting conditions, namely no splint, a dynamic and a static splint to investigate the effects of splints in children with increased tone. The sample included ten children with spastic hemiplegia, and a control group (n=10) that used both their dominant and non-dominant hands. The study revealed that a dynamic splint when prescribed for children with neurological impairments, showed a better post-splint grip and fine motor skills as opposed to a static splint 21 . Splints are typically constructed from thermoplastic material. In recent times, the use of neoprene or Lycra has been used in the construction of what is known as "soft splints". A soft splint is considered to be advantageous as it provides prolonged stretch to the muscles to normalise increased tone, whilst not limiting movement 22 . Although studies have begun to document the value of splinting in neurological conditions as mentioned above, these remain limited with insufficient scientific evidence on their efficacy. Moreover, the frequency and type of splinting used in paediatric conditions remain unknown in the South African context.
METHOD
This study aimed to explore the current splinting practises of Occupational therapists in hand therapy intervention for children with neurological impairments within the South African context. A cross sectional survey was conducted nationally amongst Occupational therapists registered with the Health Professional Council of South Africa (HPCSA).
Population and Sampling
The target population (N) for this study included all Occupational therapists working in the field of paediatric neurological rehabilitation in South Africa. There was, however, no prior knowledge of the number of therapists (N=7234) 23 that worked specifically with neurologically impaired children. The institute of private Occupational therapy practitioners (INSTOPP) assisted in providing statistics on the number of private therapists working with neurologically impaired children, as practitioners belonging to this organisation are able to self-report and indicate their field of practice in the organisation's database. There is however, no specialist register for Occupational therapists with the HPCSA and therefore no record or indication of the number of public service employees who worked in the field exists. Although a number of hand therapists could be accessed on the Internet via the South African Society of Hand Therapists (SASHT), this was not accurate as not all therapists would work with children and not all hand therapists are necessarily registered on SASHT. INSTOPP and SASHT are voluntary member organisations, and annual membership fees apply. Due to these reasons, the target population could not be ascertained, affecting the calculation of the sample size. As this study targeted specifically those Occupational therapists who splint the paediatric neurologically impaired hand, sampling procedures were amended, as there were no available records of non-private practitioners working in specific fields. Convenience and snowball sampling 24 was thus employed, to reach as large a proportion of the target population as possible and was based on the following selection criteria: Therapists who: (i) were registered with the HPCSA as community service or independent practitioners, (ii) had undergraduate and/ or postgraduate degrees in Occupational therapy, and (iii) were currently working with children with neurological impairments at least twice per week.
Due to the self-administered nature of the survey, there was a potential for a non-response bias 24 . After four months, a total of 72 responses were collected, of which 32 were partially completed and 40 were completed in full.
Instrument Development
Themes from questionnaires designed in previous studies in Canada 25 , Ireland 11 and the United Kingdom 12 were considered. These included the frequency of splint use for children with spasticity and the reasons for the certain types of splints and treatment goals associated with splinting. This information was expanded to include questions that considered factors that influence decision-making for splinting children with neurological impairments as well as an exploration of what therapists viewed as their needs in this area in terms of further information or practical experience. Themes and questions were adapted and assisted in shaping the layout and content of the study.
The final survey was structured as follows:
✥ Biographical Data (Section A) including postgraduate training, years of experience and the sector that therapists were employed within. ✥ Background on splinting (Section B) in terms of experience in neurological rehabilitation and work load ✥ Types of splints prescribed (Section C). This examined the materials used, what influenced their choice of material as well as types of splints prescribed. ✥ Client factors that influence decision-making (Section D) involved the most common neurological diagnostic groups for which splints were prescribed as well as the rationale for splinting. ✥ Personal factors that influence decision-making (Section E).
This section explored the factors that therapists take into consideration such as their confidence, skill and knowledge when splinting for neurologically impaired children.
Pilot Study
A pilot study on ten Occupational therapists was conducted in order to refine the survey. The results of the pilot study were analysed and amendments effected prior to the survey link being emailed to the target population 26 .
Validity Testing
Face validity was ascertained using individuals not trained within the Occupational therapy profession. They were provided with an opportunity to review the survey prior to the expert review in order to assess for syntax and grammatical errors as well as to check the clarity and understanding of questions 27 . Content validity was ensured through both the expert review and the pilot study. In order to ensure reliability, it was important to ensure that there was no ambiguity so that each question could be answered in the same manner 28 . Contact details of Occupational therapists across South Africa were collected from Occupational therapy affiliated organisations (SSASHT, INSTOPP and SANDTA) or forums as well as through contact with Occupational therapy departments at South African Universities. A statistician was consulted to ensure accurate data analysis. The survey link was then distributed via email. The therapists were asked to complete the informed consent if they chose to participate prior to the survey. Reminders were sent out on a fortnightly basis and the survey was open for a period of six months.
Data analysis
The summary data -collected from the survey -were exported from the SurveyMonkey site onto an Excel© spreadsheet using words. In order to allow for easier analysis, the data were changed to numeric values where appropriate. A statistician was consulted for data analysis with the principal author being responsible for the final analysis. Data were arranged into nominal (for example age, years of experience, work sector) and ordinal data (Likert scales). The main findings were organized and represented as either bar graphs, or pie charts. The Likert scale data were analyzed for central tendency and summarized by means of a mode 29 .
Ethical Considerations
Ethical clearance was first obtained through a Biomedical Research Ethics Committee (BREC) at the University of Kwa-Zulu Natal (Ref: BE319/14). The ethical principles of respect for persons (informed consent, issues around beneficence and confidentiality) and justice (voluntary participation, right to withdraw, scientific honesty and integrity) were upheld in this study.
RESULTS

Demographics of participants
The majority of therapists were within the 26 to 30 year age range (33.8%). The responding therapists were from a variety of working sectors with over half (52.3%) reporting employment within an acute public hospital setting. This was followed by 29.2% working in private practice and the remaining 18.4% being minimally represented in other working sectors. The majority of the respondents were based in Kwa-Zulu Natal (36.9%) and the Western Cape (26.2%), followed by 16.9% based in Gauteng. There was only a small representation of therapists from the North West Province (1.5%), Northern Cape (1.5%) and Limpopo (1.5%). Work experience spanned from one to more than 20 years, with the majority of the therapists (45.5%) only having one to two years' experience. The majority had only been working with children with neurological impairments for a period of one to two years (38.9%) and 24.1% reported more than 10 years' experience. (See Figure 1 below) 
Background on splinting experience
The exploration of reasons for not splinting were considered an important part of the study, as it provided more information on the possible contributing factors to decision making and clinical use of splints in children with neurological impairments. The following influential factors were explored: departmental policy, evidence-base of splints, confidence, preference for other techniques, availability of materials and supervision. The main factors that had little effect on the therapists' decision to splint a child with a neurological impairment included the presence or absence of any departmental policy (84.6%). This was followed by a lack of supervision (64.8%) with only 11.8% indicating that this was often a problem when deciding whether or not to splint. Most therapists appeared to seldom consider these factors, suggesting that they would choose to splint based on their own clinical decision-making. They did show a preference however, for other techniques, such as the use of neurodevelopmental techniques (NDT), with 33.3% stating this often influenced their decision-making in terms of splinting, and 38.8% stating that it sometimes influenced their decision. The therapists showed little consideration for evidence-based research, with only 18% indicating this as an important factor. Decreased confidence and a lack of materials did not influence the decision to splint as only 11.8% considered both these factors.
Therapists stated that they learnt how to splint from a variety of sources, with the majority doing so in their own time either through textbooks (61.5%) or through self-teaching (59.6%). Only 50% stated that they had learnt to make splints for children with neurological impairments during their undergraduate training. The least common resource was postgraduate training (15.4%).
Preference of splinting material
Most therapists' preferences for material were a combination of thermoplastic and neoprene (57.5%), followed by a preference of neoprene (27.4%) (Figure 2 ). This was influenced by the following factors: 65% felt that their choice of material led to better results, 60% chose material based on the ease of application with 47.5% feeling that it was important for better compliance. Only 7.5% based their choice of material on cosmetic appeal. All (100%) agreed that they preferred to custom-make their own splints as opposed to using off-the-shelf products.
In terms of the type of splints preferred for children with neurological impairments, therapists had the option of selecting multiple answers. Figure 3 below illustrates the two most popular splints, namely, the functional resting splint (80%) and the neoprene thumb abduction splint (80%). There were four responses to the 'other' category. These included a thumb opposition splint, wrist extension splints, a post-box splint and a neoprene splint similar to the soft abduction splint, but which includes the wrist.
Rationale for splinting based on client's condition
Reasons for splinting were explored using a five-point Likert scale. This scale was collapsed during the data analysis to a three-point scale for ease of interpretation. The categories 'never' and 'seldom' were reduced to 'seldom'; 'sometimes' remained the same and 'very often' and 'always' were reduced to 'often'. More than half of the therapists considered every factor listed when splinting their clients (Figure 4) . Maintenance/improvement of ROM (97.5%), prevention of contractures (92.5%) and the compliance of the caregiver (90%) reflected the highest frequencies when splinting a neurologically impaired child. (See Figure 4 on page 14)
Rationale for splinting according to personal factors
Personal factors considered during splinting included knowledge of the condition, therapists' experience with splinting, and their feelings of competency, resources available and time ( Figure 5) . A five-point Likert scale was again collapsed during the data analysis to a threepoint scale for ease of interpretation. It was found that the knowledge of the condition (65%) was the main factor that was often considered during splinting. This was followed by almost half of the therapists considering that competency (47.5%) and experience (45%) should be taken into account when splinting. (See Figure 5 on page 14) 
DISCUSSION AND IMPLICATIONS
This study describes the current practices of Occupational therapists in splinting of children with neurological impairments. All therapists in this study preferred the use of custom-made splints. This was different from other studies in which 30% of Occupational therapists prefer off-theshelf static splints 12 and another showed differences in preferences amongst different groups of Occupational therapists 11 . Although prefabricated splints can be adjusted for each individual patient, it has been found that ill-fitting, off-theshelf splints can lead to an increase in psychosocial fears and an increase in tone 7 . A custom-made splint, however, is specific and individualised. Given the current resource-strained contexts that many South African Occupational therapists work in, the availability of custommade splints may be limited, and may thus affect therapists' affinity to custom-made splints.
Over half of the therapists stated that they would choose materials based on the positive results they had achieved in the past. Almost all of the therapists reported using thermoplastic material when splinting the child with neurological impairments. This is in keeping with a study in which the majority of Occupational therapists indicated that they only fabricate thermoplastic splints 12 . This study, however, reports a similar number of therapists also having used neoprene in addition to thermoplastic material. A combination of thermoplastic and neoprene material was therefore considered the best choice, followed by neoprene in splinting of children with neurological impairments. Soft splints have been gaining popularity, as can be seen by 35.9% of therapists stating that they prescribe the neoprene thumb abduction splint the most frequently for children with neurological impairments. This may be due to therapists believing that a soft splint is more effective (77.5%) than a hard splint (50%). There were, however, a small percentage of therapists (12.5%) who believed that thermoplastic splints are ineffective. The more recent studies appear to be investigating whether soft splints can be effective for children with neurological impairments and its impact on function 29 30 . Although there are studies that have investigated the benefits of soft splinting in children with cerebral palsy, a systematic review revealed weak evidence with only one out of the five studies reviewed being published 8 . Therapists are also of the opinion that the soft material is better tolerated by children 25 despite the absence of evidenced-based research to support their stance. This once again shows a discrepancy between the evidence and therapists' perception of the benefits of splinting in children with neurological impairments. Therapists showed a marked preference for three splints despite the lack of scientific evidence documenting the benefits of each splint (cf. Figure 3) . The functional resting splint 16 is the most preferred and second most prescribed splint for children with neurological impairments despite the lack of scientific evidence 10 . The second most prescribed splint, but the most preferred splint is the neoprene thumb abduction splint. New studies are being done in order to assess the efficacy of this soft splint. Soft splints allow for movement 22 , as opposed to the functional resting splint, whilst still providing a prolonged stretch. In terms of normal development, active movement is encouraged from an early stage. Grasps begin from the ulnar side of the hand and thereafter move to the radial side of the hand 31 . Thus the use of a neoprene-based splint may address this as the design allows for more normal movement and exploration, which is essential for a child's overall development.
The other prominent splint that is prescribed in neurology is the anti-spasticity splint 25 . Although usually relating to adult neurology -as it was found that therapists viewed this splint to be most effective post-stroke -it has also been used to allow for improved hygiene 14 , which is an important aim for children with forming contractures.
Only a small percentage of therapists (2.5%) choose to prescribe dynamic splints despite dynamic splinting having good results in assisting in active movement 32 . This is in keeping with a study in which the researchers postulate the under-utilisation of dynamic splinting 11 . In a randomised-controlled trial, it was found that both grip and fine motor skills improved after dynamic splinting as compared to static splinting 21 . Occupational therapy is often associated with functional aims, and therefore the main goals of splinting should reflect a decisionmaking process in view of Occupational therapy practices. A number of client-factors affected the therapists' decision to use a splint in order to best enhance function. Knowledge about different neurological conditions was found to be important as this could guide future splinting protocols or guidelines 12 . The current research survey found that therapists, whether using thermoplastic or soft splints, mainly splinted children with cerebral palsy (72.5% and 80% respectively) as well as traumatic brain injury, where 62.5% used thermoplastic splints and 42.5% used soft splints. It is interesting to note that therapists made use of splints in pervasive developmental disorders and future studies should investigate this further.
The three most common considerations when splinting as reported by the therapists in terms of client factors included maintenance/improvement of range of motion (ROM), prevention of contractures and compliance of the caregiver. This reasoning appears to have some universality as the main reasons stated for splinting was decreasing tone in the hand, preventing contractures and improving ROM. A similar finding was found in the survey done In the United Kingdom, which described that therapists mainly used splinting to prevent contractures 13 . In order to achieve aims or goals in therapy, an Occupational therapist requires integration of theoretical knowledge and practice. Thus, Occupational therapists need knowledge of both the condition and types of splints available prior to splinting. Practical experience will therefore lead to greater feelings of competency and confidence. These factors were explored as personal factors that affect decision-making (cf. Figure 5) . Almost all the therapists felt that knowledge of the condition was important when splinting as different conditions may have different presentations, for example, children with cerebral palsy may present with spasticity or dystonia 5 . This links to a therapist's knowledge about hand development and splinting as it may influence the choice of splint, the choice of materials or whether splinting would be beneficial. Although the therapists had seemed confident in terms of their knowledge of the different types of splints, almost half responded that their knowledge on neurological splinting is fair.
Therapists rely on their experience and clinical observations when deciding whether a splint would be of benefit 11 . This was highlighted by the majority of therapists in this study who viewed experience as an important factor in their decision-making process with respect to splinting. This decision-making process has been emphasised, as therapists are less likely to base their choice of intervention on evidence-based practice as opposed to prior training and experience 33 . A feeling of competency is often related to both experience and confidence 34 . Almost half of the therapists in this study indicated that competency should be considered when splinting. This may be explained by therapists attributing increased skill to experience 14 thus leading to a greater feeling of competency. Therapists' use of splints did not depend on available resources. In this study, therapists appeared to consider knowledge, competency and experience prior to the availability of resources 25 . This may be due to the South African context, especially as the majority of the therapists work in public hospitals; certain materials may not always be easily available.
Despite the low response rate, this study yielded findings that describe and provide insight into the types of splints and factors that influenced therapists' decisions when splinting children with neurological impairments.
CONCLUSION
In this study, Occupational therapists preferences in splinting in the neurologically impaired child were explored. Splinting is occurring as part of an Occupational therapists management, despite a lack of evidence-based research that details the benefits of neurological splinting. However, this appears to be on an infrequent basis with many therapists only prescribing between one to five splints per month despite the majority of therapists seeing above four children with neurological impairments per month. This may be due to a smaller number of children with neurological impairments forming part of the therapists' workload or alternatively as indicated by the therapists, other techniques also take preference. Both thermoplastic and neoprene materials are being used individually and in combination with each other. All the therapists in this study preferred to tailor-make splints in keeping with a client-centred approach as opposed to purchasing prefabricated splints. Three main splints were identified in terms of prescription frequency and preference. Therapists appear to consider many factors before splinting, but it is also clear that each therapist makes use of personal experience and theoretical knowledge in order to determine a decision regarding splinting. Scientific proof for the benefits of splinting in the child with neurological impairments is yet to be established, although therapists remain active in prescribing splints for the maintenance of range of motion, prevention of contractures and reduction of spasticity.
This study has provided data towards understanding current practices in splinting of neurological conditions in the paediatric population by Occupational therapists in South Africa and has assisted in identifying gaps that require further research and inquiry especially in terms of the efficacy of splinting in these particular conditions.
